Randomized psoriasis studies have provided limited information on comorbid conditions because trials often have many exclusion criteria that preclude enrollment of patients with significant comorbidities. 4 Randomized populations do not generally represent the spectrum of patients and comorbidities in the real-world population, 4 and post-marketing surveillance data often consist of spontaneously reported adverse events that are plagued by underreporting bias. [5] [6] [7] Patient registries address some of these issues, providing more robust information, but some have limited sample sizes and study durations or may be affected by heterogeneity. In addition, many registries were conducted in specific countries and therefore may not be reflective of the US or global population. 8, 9 Medical insurance claims databases can be utilized to study large populations of patients and provide an effective means to assess comorbidity rates in real-world patients. This study used a large claims database to gain an understanding of the rate of comorbidities in a broad population-based cohort of adult patients with psoriasis.
METHODS

Data source
We used the Truven Health Analytics MarketScan database (Truven Health Analytics, Ann Arbor, Michigan) to review all claims from patients enrolled between January 1, 2008, and December 31, 2014, including early view claims through July 31, 2015. The MarketScan database contains administrative claims in the United States for commercially insured working-age adults and their dependents as well as individuals with Medicare supplemental insurance paid for by employers. The database encompasses full continuum of care across settings and longitudinal tracking at the patient level. More than half the individuals are tracked for at least 3 years.
Employer-provided data allow for tracking across health plans and, overall, contain administrative claims and eligibility records for approximately 230 million patient-lives since 1995. 10 Enrollment records contain demographic information, including age, sex, and geographic region. Medical claims files include inpatient, outpatient, facility, and service claims records. The database is compliant with the Health Insurance Portability and Accountability Act and contains synthetic identifiers to protect the privacy of individual patients and data contributors.
Study population
Adult patients ($18 years of age) who were diagnosed with psoriasis ($2 claims associated with the International Classification of Diseases, 9th Revision, Clinical Modification [ICD-9-CM] code 696.1, the most commonly used diagnosis code for psoriasis) 11 with the first diagnosis claim between July 1, 2008, and June 30, 2014, were selected from the database. The first diagnosis claim was set as the index date. Patients meeting inclusion criteria are referred to as the psoriasis population. In addition, patients with psoriasis who met a minimum continuous health plan enrollment from 6 months before through 6 months after the index date were selected and are referred to as the continuously enrolled population. Patients were studied until loss of insurance eligibility or the end of the study period.
Study outcomes
The outcomes chosen for this analysis reflect a broad spectrum of comorbid conditions. The ICD-9-CM codes chosen for the outcomes were based on medical judgment or had been used in the literature previously. The ICD-9-CM codes for psoriasis, 11 acute myocardial infarction (MI), 12 stroke, 13 and depression 14 have been validated, and the ICD-9-CM codes for infections had been used previously. 15 Acute MI was determined by use of the primary diagnosis code for inpatient diagnoses. Stroke and infections were determined on the basis of any inpatient diagnosis. Other outcomes were determined on the basis of at least 1 diagnosis in any claim; the complete list of codes and diagnosis claims considered are listed in Supplemental Table I (available at http://www.jaad.org).
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Statistical analysis
Continuous variables for comorbidities were summarized by use of means and standard deviations, and the discrete data were summarized by use of counts and percentages. Estimates for both prevalence (percent) and incidence (percent and
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incidence rate per 100 patient-years) of comorbidities were determined. The prevalence of comorbidities was calculated by use of the proportion of occurrences for the specific comorbidity during the study period divided by the total population. The incidence of comorbidities was calculated by use of the proportion of new (after the index date) occurrences of the specific comorbidity divided by the population at risk for developing the comorbidity after the index date (ie, patients who had a claim for the comorbidity before the index date are excluded). The incidence rate of comorbidities per 100 patient-years is based on the number of patientyears up to the first event.
RESULTS
Patients
The prevalence of psoriasis in the United States was estimated at 3.2% in 2010, accounting for 7.2 million adults 20 years of age or older. 18 In the MarketScan database, 1.22 million patients had at least 1 claim and a diagnosis of psoriasis between January 1, 2008, and December 31, 2014.
A total of 469,097 adult patients ($18 years of age) had at least 2 health claims in any diagnosis field for psoriasis (ICD-9-CM code 696.1) and an index date (first psoriasis diagnosis date) between July 1, 2008, and June 30, 2014. These patients represent 6.5% of the estimated 7.2 million adults with psoriasis in 2010. The 292,999 patients who met the continuous enrollment criteria represent 4.1% of US adults with psoriasis in 2010. 18 In the psoriasis population, 48% of patients were male and the median age was 51 years, which was similar to the continuously enrolled population. The number of patients diagnosed each year in the 2 populations was also similar, with the exception of years 2008 and 2014, which had fewer patients because the index date for the populations was selected to allow for the potential of 6 months of data before and after the index date (Table I ). The total follow-up was 789,581 patient-years, which represents approximately 1.68 years per patient. In the psoriasis population, the majority of patients were prescribed at least 1 therapy, and the most common therapies were either steroids (except for topical steroids) or topical steroids. Approximately 14% of patients were prescribed a biologic agent (Table II) .
Prevalence and incidence of comorbidities in patients with psoriasis
The prevalence and incidence rates of the selected comorbidities were similar for the psoriasis population and the continuously enrolled population, except for type 2 diabetes mellitus, hyperlipidemia, hypertension, and depression (Supplemental Table II and Supplemental Table III ; available at http://www.jaad.org). The prevalence and incidence of other comorbid conditions were also generally similar.
DISCUSSION
Comorbidities are common among real-world patients with psoriasis. Some of the comorbidities that were present in $5% of patients in this analysis include malignancies, serious infections, depression (including major depression), cerebrovascular disease, type 2 diabetes mellitus, hyperlipidemia, hypertension, peripheral vascular disease, ischemic heart disease, osteoporosis, obesity, and cardiac dysrhythmia. These conditions can complicate treatment of patients with psoriasis.
The prevalence of metabolic syndrome increased in the United States from 32.9% in 2003-2004 to 34.7% in 2011-2012. 19 In this analysis of adult patients with 20 Another study that used data from 2 different claims databases also found high rates of hyperlipidemia (31.2% and 31.6%), hypertension (35.5% and 29.3%), and type 2 diabetes mellitus (13.3% and 10.2%). 16 In a study that used patient data from a United Kingdomebased study in The Health Improvement Network (THIN), increased risks of diabetes and diabetes with systemic complications were reported among patients with psoriasis, with pooled odds ratios of 1.22 (95% confidence interval [CI], 1.11-1.35) and 1.34 (95% CI, 1.11-1.62), respectively, compared with matched control patients (P # .006). 21 The prevalence of obesity may be difficult to assess in health claims databases. Physicians may not include obesity as a diagnosis because it is often not the reason patients sought medical services or a claim for payment of services. In the 2003-2006 National Health and Nutrition Examination Survey, the prevalence of abdominal obesity was 62.9% in adult patients with psoriasis and 47.9% in patients without psoriasis. 22 The incidence of acute MI in the continuously enrolled population was 0.9%. In several articles in the published literature, the incidence of acute MI ranged from 0.7% to 1.6%. 16, 20, 23 In an observational study that used medical and pharmacy administrative claims data from the United Health Group between May 1, 2000, and September 30, 2008, Abuabara et al 23 found rates of acute MI in 0.7% (30/4220) of patients with psoriasis who were receiving phototherapy; the incidence rate was 0.381 per 100 patient-years. In patients who received systemic therapy, the incidence of acute MI was 0.9% (187/20,094), with an incidence rate of 0.468 per 100 patient-years. 23 In another study that used the OptumHealth Reporting and Insights claims, the acute MI prevalence was 0.7% in patients with psoriasis and 0.5% in patients without psoriasis. 20 A study that used ICD-9-CM codes from any health claim (as opposed to our use of only inpatient codes for MI) found higher MI rates for patients with psoriasis (1.6%) than for patients without psoriasis (1.3%). 16 In a meta-analysis of observational studies, Armstrong et al 24 concluded that there was an increased risk of MI among patients with mild or severe psoriasis. The United Kingdomebased THIN study also reported an increased risk of MI among patients with psoriasis, with a pooled odds ratio of 1.34 versus control patients (95% CI, 1.07-1.69; P = .03). 21 In a meta-analysis of 98 studies, Dowlatshahi et al 25 reported that the prevalence of depression in patients with psoriasis varies between 6% and 62%, depending on the study design, population, and outcome definition. In studies in which the depression outcome was based on ICD-9-CM codes, the pooled rate was 12%, with a 95% CI limit between 8% and 18%. 25 In our analysis, the prevalence rate was at the higher end, at approximately 18%. One of the studies included in the meta-analysis by Kimball et al 26 reported a depression prevalence of 9.2%; this study used a more selective set of depression codes than that used in our analysis, and the study period was only 6 months. Our analysis used the most sensitive selection of ICD-9-CM codes outlined by Fiest et al. 14 In our analysis, malignancy outcomes were based on a patient having at least 1 diagnosis code. A previous analysis found that 4.1% of patients with psoriasis had malignancies (excluding nonmelanoma skin cancer) in which the outcome definition was based on either 1 inpatient diagnosis or 2 outpatient diagnoses occurring at least 30 days but no more than 365 days apart. 27 The incidence of nonmelanoma skin cancer was 5.4% and the incidence of lymphoma was 0.4%. 27 In comparison, the incidence of nonmelanoma skin cancer and lymphoma was 2.8% and 0.2% in the general population, respectively. 27 In a smaller population of patients with moderate to severe psoriasis, 3.0% had nonmelanoma skin cancer, 20 which aligns with the incidence of malignancies observed in our analysis. In contrast, the United Kingdomebased THIN study reported no statistical increase in the risk of cancer or metastatic tumors in patients with psoriasis, with a pooled odds ratio of 0.85 (95% CI, 0.71-1.02) and of 0.81 (95% CI, 0.32-2.08), respectively. 21 However, the authors noted that the THIN study may have been underpowered for the detection associations for which the overall prevalence in the study patients were low, because there were only 142 and 5 patients, respectively, with cancer or metastatic tumors in the psoriatic population studied.
In a recent meta-analysis of 7 studies, Ungprasert et al 28 reported the increased risk of chronic obstructive pulmonary disease among patients with psoriasis, with a pooled odds ratio versus control of 1.45 (95% CI, 1.21-1.73). Although a direct comparison cannot be made because of the different methodologies in reporting, these results support our findings of increased prevalence and incidence rates for chronic obstructive pulmonary disease in patients with psoriasis.
The published literature on serious infection rates in patients with psoriasis is limited. The incidence of infection requiring hospitalization was 5.6% in the hospital and pharmacy databases covering Dutch residents from 1997-2008, 29 similar to what we observed.
Although claims databases have a large population of patients representing a real-world population, study limitations must be considered. Our selected populations may not be reflective of the age distribution of the psoriasis population because the MarketScan database contains only claims from the commercially insured population and health care claims of individuals with Medicare supplemental insurance paid for by employers. The claims information could be subject to misclassifications; however, our use of inpatient diagnoses for selected comorbidities and the requirement of 2 outpatient diagnoses of psoriasis help to mitigate this limitation. Some of the differences in the prevalence rates in our study compared with research conducted by others probably are a result of differences in the study design, including selection of ICD-9-CM codes, study period, and fields used for diagnoses. Our study did not assess the severity of psoriasis or the associated comorbidities, except for a few selected comorbidities in which inpatient hospitalization criteria were used (eg, acute MI, infection, stroke). The lack of a control population in the MarketScan database is also a limitation of this study.
A substantial proportion of patients with psoriasis have comorbid conditions that should be considered when formulating a treatment and management plan. One finding that requires further confirmation and consideration is the use of steroid therapy (excluding topicals) by 47% of the patients in the psoriasis population (Supplemental Table III) , because it is unclear from MarketScan whether this usage was purely for psoriasis or whether it was also for psoriatic arthritis or other inflammatory disorders. The choice of treatment may have intended or unintended effects on some of the common comorbidities. This study did not address which comorbidities or adverse experiences may be associated with specific therapies. Patients who have [1 condition may have a higher chance of having adverse experiences, and additional research is needed to evaluate the potential contribution of the various therapies to the rate of comorbidities in patients with psoriasis. ''Incidence'' is the proportion of new occurrences of the specific comorbidity (n) divided by the population at risk for developing the comorbidity after the index date (m); patients who had a pre-existing claim for a specific comorbidity before the index date were excluded. The population size (m) for each specific comorbidity is not provided. All claims and any diagnosis field are included unless otherwise specified. MI, Myocardial infarction. *Continuous enrollment minimum of 12 months: 6 months before and 6 months after the index date. y Medical conditions that can be associated with an increased risk of major adverse cardiac events. z Includes only serious medical conditions (ie, those with an inpatient diagnosis).
Supplemental
x Acute myocardial infarction was based on the inpatient primary discharge diagnosis claim (ie, the primary discharge diagnosis). jj Cases that probably represent a major adverse cardiac event.
